cal as shown in Figs. 7a and s5a. However, considerable differences are simulated at deeper layer, predominantly within the Antarctic Bottom Water (AABW) in both the Atlantic and Pacific basins. The NorESM model tends to simulate more oxygen and less phosphate along these water masses relative to that in the BCM-C model. There are two factors which can explain this phenomena. First, the NorESM simulates stronger overturning circulation than the BCM-C. This leads to more surface oxygen exported into the deep bottom water (hence positive oxygen bias in NorESM). Secondly, the BCM-C model simulates larger net primary production (due to the bias in mixing, not shown here) than the NorESM, and therefore simulates more export production in this region. Analogously, larger Southern Ocean export production in BCM-C allows more organic carbon at depth available to be remineralized back to nutrient (i.e., larger phosphate concentration in BCM-C than in NorESM), which utilizes more oxygen, hence the lower oxygen in BCM-C.
Finally, figure s6 shows the surface distribution of dissolved inorganic carbon (DIC) and alkalinity as simulated by the BCM-C model. Compared to the GLO-DAP datasets, the NorESM and BCM-C models tend to overestimate both the DIC and alkalinity. In the NorESM, the model-data bias is noticeably improved, especially for the surface alkalinity. This bias, as explains in the main manuscript, is not critical as approximately the difference between alkalinity and DIC determines the surface pCO 2 , and hence the air-sea CO 2 flux. The models' alkalinity minus DIC fields are consistent with the observation. Figure s1 . Taylor diagram of non-area weighted statistical summary between the BCM-C simulated and observed annually-averaged (climatology) of ( ) ocean temperature, ( ) salinity, ( ) phosphate, ( ) dissolved oxygen, ( ) silicate, (3) dissolved inorganic carbon, and (2) alkalinity. Shown here are comparison at surface (magenta), 1000 meter (blue), and 3000 meter (green) depths. Observations are based on the World Ocean Atlas (WOA) and GLODAP (see also text). The black circle represents the observations. All standard deviations are normalized to the respected observed standard deviation. For temperature, salinity, phosphate, silicate and oxygen, we compare the HIST simulation from 1980-1999 period, whereas for DIC and ALK, we use the 1996-2005 simulation period. 
